Hereditary predisposition to retinoblastoma is caused by germline mutations in the RB1 gene. Most of these mutations occur de novo and differ from one patient to another. DNA samples from 10 families with a child presenting sporadic bilateral retinoblastoma have been analysed for the causative mutation. Using intragenic DNA polymorphisms we detected large deletions in two patients. Heteroduplex and DNA sequence analysis of PCR products from each exon and the promoter region showed small mutations in four patients: a C to T transition in exon 18; 1 bp and 2 bp deletion in exons
occur de novo and differ from one patient to another. DNA samples from 10 families with a child presenting sporadic bilateral retinoblastoma have been analysed for the causative mutation. Using intragenic DNA polymorphisms we detected large deletions in two patients. Heteroduplex and DNA sequence analysis of PCR products from each exon and the promoter region showed small mutations in four patients: a C to T transition in exon 1A) . Hybridisation with a probe for the VNTR polymorphism in intron 17 also showed the maternal allele only ( fig 1B) . Similar results were obtained with the RB1.20 polymorphism (data not shown). These results suggest a deletion in one allele with one breakpoint close to the p123/BamHI site. RFLP studies in Rb 19 were not informative, but reduced hybridisation intensity was observed in the patient's DNA with several probes (fig 2B, C) . The presence of a deletion was confirmed with the RB1.20 polymorphism, which showed the absence of a paternal allele in the patient (fig 2A) . Since this patient was heterozygous for the p1 23/BamHI polymorphism at the 5' end of the RB1 gene (data not shown) the results indicate a partial deletion in one allele of the RB1 gene, involving the 3' end.
DETECTION OF SMALL RB1 GENE MUTATIONS
In order to identify small mutations we used heteroduplex analysis. All DNA samples, including those with a large deletion, were ana-A B 1 2 ',FLj' 1 lysed exon by exon. We identified an altered electrophoretic pattern, owing to the presence of a heteroduplex, in DNA samples from four patients. All family members of these four patients were also analysed (fig 3) . The mutations were confirmed by sequencing.
Family RblS Heteroduplex analysis of exon 7 PCR products showed several abnormal bands in the patient ( fig 3A) . Direct sequencing showed an insertion of4 bp, which was a duplication ofthe sequence GTTG, located in codons 233-234 ofone allele (table) . As a result of this insertion an alteration of the reading frame occurs and produces a premature stop codon in the junction of exons 7 and 8 (table) . The mutation was not detected in the parents of the patient, thus it is a de novo mutation.
Family Rbl Analysis of exon 18 PCR products showed a slower migrating heteroduplex in addition to the normal homoduplex band in the patient ( fig  3B) . Direct sequencing showed heterozygosity for a C to T transition (data not shown). The mutation is 40 bp from the 5' end of exon 18 and converts codon 579 from an arginine (CGA) to a stop codon (TGA) (table) . Therefore, this mutation results in premature termination at amino acid 578. The mutation A-a..
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-.%. mut and wt: mutant and normal sequence respectively. The codon number is above the sequence. The base changed is indicated as a bold letter, the insertion is underlined, and the deletion is indicated by a line.
was not identified in either parent ( fig 3B) . Therefore, it is a new germline mutation. (fig 3C) , which, however, did not have visible abnormalities on ophthalmological examination. These results suggest that she is a non-penetrant carrier of the mutation that gave rise to tumour development in her child.
Family Rb6O
Heteroduplex analysis of exon 20 PCR products showed an additional, slower migrating band in the patient's DNA, compared with the samples from his parents ( fig 3D) . Direct sequencing showed a 1 bp deletion of nucleotide A at codon 696 (table) . This 1 bp deletion produces a frameshift which gives rise to a new stop codon at codon 704 of exon 21. The mutation was not detected in the parents of the patient ( fig 3D) and thus is a new germinal mutation.
Discussion
Identification of mutations in patients with heritable RB enables reliable diagnosis of carriers of germline mutations in families and therefore allows the detection of unaffected gene carriers and presymptomatic diagnosis in newborns. Using intragenic DNA polymorphisms and a combination of PCR and heteroduplex analysis we have been able to detect heterozygous mutations in constitutional cells of six out of 10 patients with bilateral RB. Gross rearrangements were found in two patients. This frequency is in agreement with previously published data.5 In one case (family Rb 10), a deletion which includes polymorphisms from the 5' end and intron 17 of the RB1 gene was shown by Southern analysis.
This deletion was not found in the parents of the patient. Analysis of the two RFLPs, which resulted in the lack of a paternal allele in the patient's DNA, allowed us to determine that this mutation is ofpaternal origin, which is most frequently observed (90%). 1415 Densitometric analysis indicated a probable deletion in the patient Rb19. The presence of a deletion was corroborated by segregation analysis of the intragenic RB 1.20 VNTR polymorphism. The absence of a paternal allele in the patient's DNA again indicated the paternal origin of this deletion, which was a de novo mutation.
We detected an altered banding pattern by heteroduplex analysis in four out of eight samples without gross alterations. Sequencing of these samples showed one C to T transition, two deletions, and one insertion. The C to T transition occurred in a CpG dinucleotide, which is the most frequently observed single base pair substitution causing human genetic diseases and may be the result of spontaneous deamination of 5-methyl cytosine. This mutation changed the arginine CGA codon to a stop codon TGA, which is a very common 
